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Introduction: For the last 20+years a debatbas raged

specific "space weathering" effects has been proposed to

about the proper association between meteorite classes andccount forthe differences between S-class asteroids and

their parent asteroids. A large proportiortloé asteroid and
meteorite communities do not accept straightforward
interpretations of asteroid remote sensing d@tdich
samplesonly the uppermost regolith) adiagnostic of the
bedrock composition weee in meteorites. Their principal
reason is thatmany commonmeteorite types spectrally
match rare or non-existent classes of asteroifiost
notorious isthe lack ofmany (any?)jsteroids to supply the

ordinary chondrites. Below | considemly those which
might havegeochemicaéffects:

Impact melting: Chondritic impact melt rocks usuakpow
depletion in siderophile and chalcophidements due to

the segregation and settling of FeNi and FeS during the
melting process. In a large-scale melt deposit, these
elements couldink belowthe sensing ranges ahy remote
instrument, creating the illusion of trueigneous

huge number of ordinary chondrites. Some workers believe differentiation on a chondritibody. Conversely, if the

that these meteoriteome fromparent asteroidtoo small
to be measured in current telescopic survils others
appeal to a variety of "space weathering" processgsh
cover the observed surface with a regolith spectrally

weak upper portion of a melt sheet were erodedy, the
lower portion would shovenhancement of siderophiles and
chalcophileq3,4]

Impact-generated glass:Some workers have suggested the

different from the bedrock represented by the meteorites [2]. generation of red impact glass or "agglutinates" as an

Virtually all asteroid scientists agree tlsaime such process

explanation forthe S-asteroid problem, since thaffect is

operates; however, they disagree about the extent to which itthought to dominatthe reddeningrocess orthe Moon [5].

concealsthe real bedrock composition of asteroideom
remote sensing data. Most discussions of phiblem have
concentrated orspectroscopiceffects, leaving the (false)
impression thatthemical compositionsre unaffected by
"Space Weathering". Ithis abstract | revievevidencethat
some proposed regolith processes on aster@iosld
seriously affect interpretations géochemicatiata returned
by alpha-particle, X-ray, gamma-ray, and other instruments.
Historical background: It was knownlong before asteroid
spectroscopy begahatordinary chondrites (OCs) make up
morethan 75% of observed meteorite falls. Meteoriticists
naturally came to believéhat these fall statistics must
reflect the proportions of meteorite parent bodies in the
asteroid belt. Thus when the first asteraidlors and
albedos were obtained in tearly 1970s there wassérong
expectation thatmany of the larger asteroidswvould

If the uppermost regolith on asteroidsaistually glass rich,
it could have spectral, mineralogical,and geochemical
differences fronthe bedrockSpectralstudies of glass-rich
chondrites suggeghat OC impact glass has the reddened
continuum of S asteroids [6,7]. Simulations tbe glass-
forming processwith laser beams alsproduce continuum
reddening [8], plus a shift in absorption barglging a
higher apparenbl/pyx ratio. The originalmineralogical
structure of the parembck is completely destroyed during
glass formationGeochemicathangesnay beproduced due
to the preferentiagvaporation of volatile element®m the
molten glass. Most lunar agglutinates and glassesoated
too quickly to show strongolatile depletions, but a class of
glass spheres callddigh-Al Si-Poor (HASP)glass shows
almost completdoss of Na and Kand stronglepletion of
Si. These spheres atBought to have lostheir volatiles

resemble OCs. When a large class of asteroids proved toquring long ballistic flights [7,8]. The lowergravity of

have silicate absorption bands similar to those in @@sy
concludedthat theseobjects were the expecteatdinary
chondrite parent asteroids.

Later, when spectra obrdinary chondrites were
measured in the lab lhiecame apparerhat they actually
had little similarity to S asteroids other thaaving olivine

asteroids would make HASP-like glasses relativelgre
commonthere than on thenoon. Thus wemay expect the
hypothetical glassyupper regoliths of asteroids tgive
misleading results to visualR, alpha, X, andgamma
instrumentation on either orbiters or landers.

Differential comminution: Ho6rz etal. [11] made repeated

and pyroxene absorption bands. In particular, the S asteroidsmpacts into a gabbroic targeock at typical main-belt

have a steeped continuum totally unlikethat of theOCs,
but resembling that of iron meteorites. Tisisggested to

asteroid encounter velocities. It was fouthet the silicate
minerals olivine, pyroxene, and plagioclase break up at

some that S-class asteroids are differentiated assemblages aflightly different rates during regolith gardeningifter

metal, orthopyroxene,and olivine, similar tostony-iron

many impacts, each mineral takes up a different particle size

meteorites such as pallasites, lodranites, and siderophyresgistribution. Since thespectroscopic methodsised to

This material would behe product of melting inthe deep

measure the relative abundance of these minemglkcitly

interiors of the asteroid parent bodies, subsequently exposethssume that the particle sizes of the different minerals are

by the collisional disruption.

Thus by the middle 1970s there wewsm competing
paradigms forthe composition of S-clasasteroids,which
both still have vocadefenders today. Thieey difference in

the same[12], this mechanismwill produce an apparent
shift in mineralogy atthe surfaceFor instance, different
particle sizes on the opposite sides of Exmgld account for
the differences inol/pyx ratio found there in telescopic

these paradigms is the degree of spectral alteration presenppservations [13]. The same problem clearly applies to

in the upperfew microns of asteroid regoliths. A variety of

measurements from Galileo or any other future spacecraft.
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Differential ejection: The experiments of Horz etl. [11]

Insights from meteoritic breccias: It might be thoughthat

did not include measurement of ejecta velocities, so it is not one could easily determinie importance of thearious

known if ejection velocities dhe different minerals varied
alongwith the degree afomminution. Since both processes
involve the samephysics of fracture, it seems likethat
there issome correlation of ejectaineralogywith ejection
velocity, and consequently preferential acceleratiosarhe
minerals to escapeelocity. Onthe Moon this effect would

be obscured bthe highgravity which causes mosfecta to
return; but in the micro-gravity environment of an asteroid it
could be significant.This effect would produce aeal
mineralogicaland geochemicabifference between bedrock
and upper regolith, which would fool X-ray, gamma-ray, and
alpha-particle instruments (orbital or landed) as readily as
IR instruments. (Horz edl. foundincreasing Al, Ca, and
Na in their finest sizdraction, coupled wittdecreasing Fe
and Mg.

Enhanced metal fraction: Both differential comminution
and differential ejection have special relevancéhtoClass

S asteroidcontroversy, becausthe principal mineral at
issue here is metallic nickel-iron. (Mastivocates of strong

effects discussed abo¥®m studies of meteroritic regolith
breccias, which contain solar-wind gases implanted in
mineral grains during previous residence at tical
surface of the parent asteroids. In fangst ofthe effects
discussed abovare found in regolith brecciadyut atvery
low levelsthat would not be significant problems &ither
spectral or geochemical analysis. The problem istyipatal
breccias haveonly 5-20% of their matrix grainshowing
surface exposure effects, the rest being fresh bedrock grains.
Therefore, at a minimum, we need to corrént observed
effects in breccias by factors of 5-20 to infieeir probable
level in the actual surface. Indeedpst promoters of strong
weathering effects in asteroids completaject the regolith
breccias as valid data sources on upper regadittditions:

"It makes no sense to think that a lithifieztk...could be
representative of loose, unconsolidated soils atofttecal
surface of an asteroid” [2]. Logical consistency requlias
anyone who advocatethe existence ofstrong spectral
weathering effects allow forany of the geochemical

asteroidal weathering believe that it is associated with the weathering effects discussed above.

metal component of chondrites, becautte pure-silicate
asteroids of classes V, R, A, and E do not exhibit
reddening). It is knowrirom the cosmic-rayexposure ages
of meteorites that under spacenditions metal ismuch
more resistant to impact breakage thamy of the silicate
minerals in theHorz etal. experimentskFeNi is alsomore
than twice as dense asysilicate on a grain basis. ifon

Conclusions: It is commonlythoughtthatgeochemicatiata

from spacecrafwill resolve thecontroversy about space
weathering by unambiguously linking S-class asteroids with
some meteorite typeither melted or unmelted. It is clear
from the literature reviewedabove that many proposed
weathering processes can affect chemistry in an asteroid's
surface layer as well as spectral reflectance. Of the

grains are accelerated to slower velocities than silicate geochemicalinstruments thatould be accomodated on a

grains during small impacts, the upper regolith will suffer a
real enhancement iRe, Niand other siderophilelements
Curiously, whenthis process was simulated by magnetic
sorting of pulverized OCs, the expected mhtinuum of

Discovery-clasrbiter or lander, none appears capable of
determining the actuddedrock composition. Furthermore,
since the various techniquebave different effective
sampling depths (gamma>X>alphahey will be sample

iron meteorites was not generated [14]. Neither promoters different proportions of weathered regolith being gardened

nor critics of space weathering have ever explaities
mysterious result, except to state thagrey" FeNi in
chondrites is somehow differethan the "red" FeNi in
melted meteorites. If so, metal enhancemeatild not
account forthe redS-type spectrum. Howeveany X-ray,
gamma-ray, oralpha-particle remote-sensing instrument
would probably give anomalously high Fand Ni
abundances.  Unfortunatlythis is the basicchemical
difference between thecompeting chondrite-like and
lodranite-like interpretations of S-asteroid composition.
Xenolithic components: Mutual collision velocities in the
asteroid belt ardow enough to allow some aterial to
survive intact. All asteroidare constantly incorporating a
small fraction of exoticcomponents intotheir upper
regoliths as part of the gardening process. Thest
common identifiable macroscopic xenolithic clasts in
chondrites are CM-like, and similar material seems to
dominate the micrometeorite populatidgdout 1-2% of the
average lunar regolith geochemicallyfCM-like. One might
postulate a higher contribution in asteroid regoliths due to
the lower impact velocities and lowgravity. This effect
might produce arenhanced volatileelement abundance
since CMs are relatively rich in volatiles.

downward and fresh bedrock being gardened upward.
Therefore it will be difficult tomerge datdrom different
instruments on the same spacecraft. dhly unambiguous
solution to thigproblem is to return a sample of actnah-
lithified regolith from an S-classsteroid to Earth, where
real weathering processesn be studied and unaltered
bedrock clasts identified.
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